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Sinus Node Electrogram in Patients With the Hypersensitive Carotid
Sinus Syndrome
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Los Angeles, California
Sinus node electrograms were obtained in two patients
with unexplained syncope and the cardioinhibitory form
of the hypersensitive carotid sinus syndrome. Direct re-
cordings of sinus node potentials were obtained using a
transvenous electrode catheter. Sinus node function was
normal in both patients during standard electrophysi-
ologic evaluation. Carotid sinus massage was performed
in both patients and the sinus node electrogram was
continuously recorded. After the onset of carotid sinus
massage, prolongation of sinoatrial time, slowing of si-
nus rate of depolarization, sinoatrial exit block and fi-
nally sinus node arrest were recorded. After termination
of carotid sinus massage, sinus node potentials did not
precede the first atrial impulse; subsequent beats showed
markedly prolonged sinoatrial times as well as changes
An exaggerated response to carotid sinus massage is not an
infrequent finding in older patients, most commonly in pa-
tients with atherosclerotic hypertensive heart disease, or
both (1-4). The descriptive label "cardioinhibitory carotid
sinus hypersensitivity" has been applied to patients whose
response to carotid sinus massage consists of more than 3
seconds of ventricular asystole (2). Invariably, the observed
electrocardiographic mechanism of ventricular asystole is
absence of atrial activity with failure of emergence of sub-
sidiary pacemakers (1). To date, the events occurring within
the sinus node during the prolonged atrial quiescence which
accompanies carotid sinus massage in these patients have
not been described.
Recently a new catheter technique has been developed
for the recording of extracellular potentials originating in
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in the P wave on the surface electrocardiogram. Sinus
rate and sinoatrial time returned to control values grad-
ually, as did the P wave configuration. Intravenous atro-
pine (1.0 mg) abolished the abnormal response to carotid
sinus massage.
It is concluded that the application of carotid sinus
massage in patients with the hypersensitive carotid sinus
syndrome produces profound changes in sinoatrial con-
duction including sinoatrial exit block, as well as shifts
in primary pacemaker site and sinus node arrest. These
alterations in conduction and automaticity are reversible
with atropine and may be secondary to denervation sen-
sitivity to acetylcholine.
(J Am Coli CardioI1985;5:1484-90)
the region of the human sinus node (5-10). The sinus node
potential thus recorded is a low frequency, low voltage
signal which precedes the inscription of atrial activity on
the atrial electrogram and on the surface electrocardiogram.
This signal has been ascribed to phase 0 depolarization of
one or more regions within the sinus node (6,11). In this
report we describe our experience in obtaining direct sinus
node recordings in two patients with the cardioinhibitory
form of the hypersensitive carotid sinus syndrome. The
mechanisms responsible for the absence of atrial activity in
these patients during carotid sinus massage were revealed
using this new catheter technique.
Methods
Clinical data. Two patients with clinical evidence for
the hypersensitive carotid sinus syndrome were studied in
the clinical electrophysiology laboratory. Both were men,
aged 68 (Patient I) and 54 (Patient 2) years. Patient I had
a history of coronary artery disease and coronary artery
bypass grafting. He was admitted to the hospital for eval-
uation of unexplained syncope. Results of both a neurologic
evaluation, including computed tomographic scanning of
the brain, and a 24 hour ambulatory electrocardiographic
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recording were normal. Before electrophysiologic testing ,
carotid sinus massage produced long periods of asystole .
Patient 2 was also admitted to the hospital for evaluation
of unexplained syncope and recurrent episodes of near syn-
cope. He had a history of chronic left bundle branch block
on electrocardiography, a normal neurologic evaluation and
documentation of asystole produced by carotid sinus massage.
Electrophysiologic testing. Electrophysiologic studies
were performed in both patients while they were in the
fasting state after written informed consent had been ob-
tained . Sinus node function was assessed using a quadripolar
electrode catheter with a 1.0 cm interelectrode distance ,
positioned in the high right atrium . Oscilloscopic display
and recording of the atrial electrogram was obtained using
a multichannel recorder (Electronics for Medicine, VR-12).
Atrial pacing was performed using a direct current digital
stimulator (Bloom Associates) which delivered impulses 2
ms in duration at twice the atrial capture threshold. Sinus
node recovery time was measured after atrial pacing at sev-
eral paced cycle lengths (12). Sinoatrial conduction time
was estimated in each patient using the methods of Strauss
et al. (13) and Narula et al. (14).
Sinus node electrogram. Direct sinus node recordings
were obtained in the following manner. A 6F quadripolar
electrode catheter with a 1.0 em interelectrode distance was
advanced under fluoroscopic control to the junction of the
superior vena cava and the high right atrium (6). In both
patients, the sinus node potential was recorded from the
distal pair of electrodes. A second catheter was positioned
in the mid right atrium for reference atrial recordings . The
sinus node electrogram was initially displayed using band
pass filtering of 0.1 to 50 Hz and high gain amplification
up to 0 .1 mV/cm. By convention, the polarity of the sinus
node electrogram was adjusted to display a positive-going
sinus node deflection (5,6). The catheter used for recording
the sinus node electrogram was carefully manipulated until
an optimal signal was observed (see Definitions). The high
pass filter was then adjusted to 1.0 Hz to minimize baseline
drift. Simultaneous recordings of three surface electrocar-
diographic leads, a His bundle electrogram and the sinus
node electrogram were perfonned at a paper speed of 100
mm/s .
When a stable sinus node electrogram was recorded ,
carotid sinus massage was performed with the patient in the
supine position. Finn massage was applied for 5 to 8 sec-
onds, first on the right side and then on the left. Intracavitary
and surface electrocardiographic recordings were continu-
ously performed during carotid sinus massage . Atropine
sulfate (1.0 mg) was then intravenously administered to both
patients and carotid sinus massage repeated.
Definitions. 1) The sinus node potential was defined as
a low amplitude, low frequency signal that precedes atrial
depolarization on both the atrial electrogram and the surface
electrocardiogram (5-10). These bipolar recordings closely
resemble the unipolar recordings obtained both in vitro and
in vivo in experimental animal preparations (11,15-16).
2) Sinoatrial exit block was defined as the inscription of
sinus node potentials not followed by atrial depolarization.
This definition was also made on the basis of previously
published tracings from experimental animals (II) and hu-
man patients (6,10) .
3) Sinus node arrest was defined as the absence of a sinus
node deflection on the sinus node electrogram as well as
the absence of atrial depolarization on the atrial electrogram.
4) Sinoatrial time was measured from the onset of the
sinus node potential to the onset of atrial activation on the
sinus node electrogram. The intersection of a straight line
drawn along the isoelectric baseline and a second straight
line drawn along the slope of the sinus node potential was
taken as the onset of the sinus node potential. The sinoatrial
time is likely to be a reasonable approximation of the si-
noatrial conduction time in the control state in patients with
minimal sinus arrhythmia (5- 10). The bipolar sinoatrial time
recorded in the manner described may not represent a true
sinoatrial conduction time during maneuvers such as carotid
sinus massage or during severe sinus arrhythmia (16).
5) The sinus node-sinus node interval was measured from
the onset of the sinus node deflection on the sinus node
electrogram to the onset of the next sinus node deflection,
that is, a measure of sinus node automaticity .
Results
Sinus node function. Sinus node function, as assessed
by the sinus node recovery time and the indirect estimation
of the sinoatrial conduction time , was normal in both pa-
tients . The maximal "corrected" sinus node recovery time
was 300 ms in Patient I and 350 ms in Patient 2. The
estimated sinoatrial conduction time was 85 and 106 ms in
Patients I and 2, respectively. In both patients carotid sinus
massage produced periods of asystole in excess of 5 seconds .
Recordings of the sinus node potential were obtained in
each patient. The sinoatrial time manifested beat to beat
variations that corresponded to changes in cycle length (17) .
The sinoatrial times were 90 to 100 ms for both patients .
Figure I illustrates a control recording obtained in Patient
2. The sinus node electrogram is a highly amplified re-
cording obtained from the high right atrial-superior vena
caval junction, filtered at 1.0 to 50 Hz. A low amplitude
" upstroke slope" (II) is seen to precede each atrial de-
polarization and is labeled " SN. " The sinoatrial time is
measured from the point of takeoff of the sinus node de-
flection to the onset of atrial activation on the sinus node
electrogram. The values thus obtained closely approximated
the indirectly estimated sinoatrial conduction time in both
patients.
Response to carotid sinus massage. Patient 1. The se-
quence of events that followed the onset of carotid sinus
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Figure 1. The sinus node electrogram.
Surfaceelectrocardiographic leadsI, aVF
and VI are displayed, alongwiththe sinus
node electrogram (SNE), a His bundle
electrogram (HBE)and a rightventricular
electrogram (RV). The sinus node (SN)
potential is the low frequency slope that
precedes each atrialdepolarization on the
sinus nodeelectrogram. Sinoatrial time is
expressed in milliseconds andis measured
from the onsetof the sinusnode potential
to the onsetof atrial activation. The sinus
node electrogram is filtered at 1.0 to 50
Hz.
massage was qualitatively similar in both patients. In Patient
1 (Fig. 2), the application of carotid sinus massage was
immediately followed by a 280 ms prolongation in ventric-
ular cycle length. This prolongation is entirely the result of
a 280 ms prolongation in sinoatrial time without any change
in the sinus node-sinus node interval, suggesting a 280 IDS
increment in the sinoatrial conduction time, possibly com-
bined with a shift in location of the primary pacemaker to
another region in the sinus node. The next event occurring
within the sinus node is a prolongation of the sinus node-
sinus node interval from 980 to 1,300 ms, that is, a slowing
of spontaneous sinus node rate of depolarization. This is
immediately followed by sinoatrial block (Fig. 2 and 3). In
Figure 2, at the onset of asystole a sinus node potential is
recorded and is followed by an isoelectric baseline. These
tracings illustrate failure of propagation of a sinus node
potential to surrounding atrial tissue (11) and subsequent
absence of discernible sinus node electrical activity, that is,
sinus node arrest. In Patient 1, two of three recorded in-
stances of carotid sinus massage-induced asystole were pre-
ceded by sinoatrial exit block before sinus node arrest.
At the termination ofcarotid sinus massage, the first atrial
impulse is not preceded by a sinus node potential; that is,
it either does not originate within the sinus node or, alter-
natively, the dominant pacemaker has been shifted to an-
other site within the sinus node, a site not recorded by the
bipolar lead configuration used for recording the sinus node
electrogram. The amplitude of the P wave on the surface
electrocardiogram (particularly in lead aVF) is somewhat
changed after the carotid sinus massage (the changes in P
wave amplitude are more readily apparent in Figure 4); this
suggests a slightly different exit site for the sinus node
impulse during the first several beats after carotid sinus
massage. A progressive acceleration of the heart rate follows
the first post-massage impulse and consists of a progressive
shortening of the sinus node-sinus node interval as well as
a gradual diminution of the sinoatrial time toward control
values.
Patient 2. A similar sequence ofelectrophysiologic events
was recorded in Patient 2 (Fig. 4). First, the application
of carotid sinus massage is followed by a marked increase
in the sinoatrial time (90 to 400 ms). The resultant atrial
impulse is blocked in the atrioventricular node (note absence
of a His bundle deflection). Sinoatrial block is not dem-
onstrated in Figure 4 but was recorded during other appli-
cations of carotid sinus massage in this patient. Sinus node
arrest is then recorded in Figure 4; asystole is terminated
when carotid sinus massage is stopped. As in Patient 1, the
first post-massage impulse is not preceded by a sinus node
deflection. Similarly, a gradual shortening of the cycle length
after massage consists of shortening in both the sinoatrial
time and the sinus node-sinus node intervals, until control
values are reached within six post-massage beats. Changes
in the P wave configuration are clearly seen in lead aVF:
note that a return to the pre-massage P wave amplitude is
seen when the sinoatrial time has returned to control values,
that is, by the seventh post-massage impulse.
Validation of the sinus node recordings was obtained by
exploring the right atrium with the sinus node electrogram
recording catheter or with a second atrial electrode catheter
adjusted at the same filter and gain settings (see Methods);
the negative-going sinus node potential was recorded only
at a very discrete anatomic region of the right atrial-superior
vena caval junction (6,8). In addition, the absence of a fixed
relation between the sinus node potential and ventricular
repolarization was demonstrated (Fig. 4) in the post-mas-
sage sinus node electrogram, in which the sinus node po-
tential is seen to move progressively farther away from the
preceding QRS-T complex as the basic cycle length and the
sinoatrial time return toward control values. If the sinus
node deflection had been a ventricular repolarization phe-
nomenon, the opposite sequence would have occurred.
Response to atropine. After the intravenous adminis-
tration of 1.0 mg of atropine, an increase in heart rate was
recorded in both patients: the cycle length decreased in
Patient I from approximately 1,000 to approximately 700
JACC Vol. 5, No.6
June 1985:1484-90
GANG ET AL.
HUMAN SINUS NODE ELECTROGRAM
1487
A> I. 10 .....1
1-4-.......+--~--~------------~..II----ol-Jl-
NF--l'----f--4---4'-----~------+JTI.---~
V1-::t::::::::r:::=::j~=::::',..------------~~~;;===:~
*
"
Nfi'iiliiii_.iiiiiiiiii~~J~~=~
B)
I--~_----++--++--"'Ilt+--H_-_tl""l_f""'-_++-___+._Jl_-_+'I__-_H--~
NF--~--~--~-~r:_-*-~t_-~-__\1\--4f\_-.....llr~-~
V1 --_~,...----J~---W,_--~----_wr--4_W.----J~,....--~,...--_li,.---4,--~,
..~
stE:--' i
Figure 2. Patient I. The effects of carotid sinus massage (CSM)
as recorded on the sinus node electrogram (SNE). Surface electro-
cardiographic leads aVF and V j, sinus node electrogram, right
ventricular electrogram (RV) and His bundle electrogram (HBE)
are displayed. The sinoatrial and sinus node-sinus node times are
displayed above and below the sinus node electrogram, respec-
tively. The application of carotid sinus massage (CSM) (black
bar) produces a prolongation of sinoatrial time followed by a
prolongation of the sinus node-sinus node interval. At the onset
of asystole, the last sinus node potential (thick arrow) is not
propagated to the atrium and illustrates sinoatrial block (asterisk).
The first post-massage atrial impulse is preceded by an isoelectric
baseline (thin arrow); that is, no sinus node potential is recorded.
Post-massage changes in heart rate (noted below lead V,) and
sinoatrial times are discussed in the text. Measurements are in
milliseconds.
the cardioinhibitory center; the efferent limb of the car-
dioinhibitory part of the reflex is the vagus nerve (18). The
descriptive term "cardioinhibitory carotid sinus hypersen-
sitivity" has been applied to patients with a markedly ex-
aggerated response to carotid sinus massage, namely, asys-
tolic pauses exceeding 3 seconds (1-4). The clinical relevance
Figure 3. Patient 1. Another example of sinoatrial block produced
by carotid sinus massage (CSM) displayed as in Figure 2. The
asterisk indicates sinoatrial exit block. As in Figure 2, the arrow
points to an isoelectric baseline (apart from the baseline drift)
which precedes the first post-massage atrial impulse, suggesting a
site of origin of impulse removed from the primary pacemaker
site.
14oI-~~~_-~-------+l'J.
AVF.f--f--~_--+------~
V1 +"'-"I..........'-"I..........--""""'"------~4
ms and in Patient 2 from approximately 680 to approxi-
mately 570 ms. The sinoatrial time decreased slightly in
both patients; an average value of 80 ms was recorded in
both patients. The application of carotid sinus massage did
not produce significant pauses and the abnormalities in sinus
node conduction/automaticity seen before atropine were not
recorded (Fig. 5).
1\
SNE
SN
Discussion
The carotid sinus reflex arc consists of afferent fibers
contained in the sinus nerve, a branch of the glossopha-
ryngeal nerve. These fibers synapse in the medulla within
HBE......--t...--t....---t...-------~~
CSM
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Figure 4. Patient 2. Effects of carotidsinus massage (CSM) dis-
played as in Figure I. A, After application of carotid sinus mas-
sage; B, Termination of massage. See text for details.
of this finding in patients with unexplained syncope has
been questioned and the therapy offered (for example, per-
manent pacemakers) has been the subject of debate (1,19).
In this report we confirm the presence of normal sinus node
function in two patients with a history of syncope and with
RV
AVF
V1
carotid sinus massage-induced episodes of asystole. Using
the new catheter technique for obtaining direct recordings
from the sinus node, we have shed light on the electro-
physiologic mechanisms occurring within the sinus node
during and after carotid sinus massage in these two patients.
Electrophysiologic mechanisms. The direct recordings
of the sinus node potential during carotid sinus massage
revealed a reproducible sequence of events that can be sum-
marized as follows: within several hundred milliseconds of
the onset of carotid sinus massage a profound (approxi-
mately fourfold) prolongation of sinoatrial time occurs, fol-
lowed by a diminution of sinus node firing rate as well as
by sinoatrial exit block. Total quiescence of the sinus node
is then recorded until carotid sinus massage is terminated.
The first post-massage impulse originates outside the sinus
node or at a pacemaking site within the node but distant
from our recording pair of electrodes. Subsequent atrial
impulses are preceded by sinus node potentials with a grad-
ual increase in sinus node firing rate and diminution of
sinoatrial time. In both cases the administration of atropine
abolished these responses to carotid sinus massage.
The results of our study are consistent with observations
made in experimental preparations of the rabbit sinus node.
Bouman et al. (20,21) observed that during vagal stimu-
lation the following changes were recorded in impaled sinus
node cells: 1) decrease in rate of diastolic depolarization,
2) hyperpolarization of the maximal diastolic potential, 3)
desynchronization of action potentials, that is, differences
in amplitude of consecutive action potentials, 4) sinoatrial
block, and 5) shift of pacemaker site within the sinus node.
The technique we used for recording the sinus node potential
probably detects transmembrane currents associated with the
slow and prolonged phase 0 of pacemaker cells within the
sinus node (11). This techique does not allow for recording
changes in membrane potential or action potential ampli-
tude, but does allow us to observe effects 1),4) and 5); that
is, in our patients vagal stimulation produced slowing of
spontaneous sinus node activity, sinus node arrest and si-
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Figure 5. Patient 1. The intravenous administration
of atropine (l.0 mg) has abolished the response to SNE
carotid sinus massage (CSM) illustrated in previous
figures.
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noatrial exit block. Shifts in pacemaker site may also have
occurred in these patients.
Prolongation of sinoatrial time. The interval between
the onset of the upstroke slope of the sinus node potential
and atrial activation was designated by us as the "sinoatrial
time. " In our patients, as in previously published studies
(6,8), a reasonably good agreement was found between the
estimated sinoatrial conduction time and the directly mea-
sured sinoatrial time in the control state. However, we share
the misgivings of others (16) in designating the sinoatrial
time as the true sinoatrial conduction time during physio-
logic perturbations such as sinus arrhythmia and vagal stim-
ulation. The marked prolongation in sinoatrial time produced
by carotid sinus massage in our patients may have been due
to a very profound prolongation of conduction out of the
sinus node. Hyperpolarization of the resting membrane po-
tential within the sinus node and a decrease in the space
constant produced by vagal stimulation would tend to slow
conduction within and out of the sinus node (22). However,
the changes in P wave configuration seen in our patients
(Fig. 4) after termination of carotid sinus massage and per-
sisting until the sinoatrial time had returned to control values
suggest either different exit pathways for the sinus node
impulse or shifts in primary pacemaker location. Studies
performed in conscious and anesthetized dogs (16,23) have
shown that significant changes in P wave configuration co-
incide with changes in atrial activation sequence and with
directly recorded sinoatrial times. These shifts are probably
mediated by changes in autonomic tone. The single bipolar
recording technique described in this report does not allow
for distinguishing between the various explanations for pro-
longation of the recorded sinoatrial time. More detailed
mapping of the sinus node region may provide these answers.
Pathophysiologic considerations. The pathophysiol-
ogy of the hypersensitive response to carotid sinus massage,
that is, the site of hypersensitivity within the reflex arc, is
not yet known. Although our study has shed some light on
the electrophysiologic mechanisms occurring within the si-
nus node, we can offer only a conjecture regarding the
anatomic site or sites of hypersensitivity. Our results are in
agreement with the results of others (1-3) in showing normal
sinus node function at rest in these patients, making it un-
likely that significant sinus node dysfunction is present in
this group of patients. Experimental studies in dogs have
shown that chronic unilateral vagotomy produces an ex-
aggerated cardioinhibitory response to stimulation of the
carotid sinus (24), Denervation sensitivity of the pregan-
glionic or postganglionic fibers, or both, is the most likely
explanation for this phenomenon. The effect is further po-
tentiated by hypoxia (24). Because both of our patients, as
well as the preponderance of patients previously reported
on, are more than 50 years of age and have some form of
organic heart disease, we propose that denervation sensi-
tivity to the effects of acetylcholine is the most likely mech-
anism responsible for this exaggerated response to carotid
sinus massage. The observation in our patients that atropine
abolishes the effects of carotid sinus massage on the sinus
node lends support to the hypothesis of an acetylcholine-
sensitive efferent limb.
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